Objectives: To investigate the relationship between medications known to cause fatigue in spinal cord injury (SCI) and fatigue severity and to describe the pattern of prescription of these medications. Results: Fifty-two percent of the subjects had clinically relevant fatigue. As a group, the subjects were taking 147 different medications; 41/147 medications were identified as causing fatigue. The two most commonly prescribed categories of medications were antispasticity medications (75 subjects) and analgesic medications (61 subjects). Although several variables were found to contribute to the FSS scores including the use of fatigue-causing medications, the presence of pain (7.6% of variance) and the use of fatigue-causing analgesics (4.2% of variance) explained the most variance in the scores. Conclusion: Fatigue is prevalent in outpatients with SCI. Fatigue-causing medications contribute to a higher FSS score. Clinicians treating persons with SCI should be aware that fatigue is a common and significant problem. Clinicians should be aware that fatigue may be exacerbated by the use of medication and should enquire about the effects of medication on fatigue when assessing and prescribing new medications.
Introduction
Fatigue, defined as an overwhelming sense of tiredness, lack of energy and a feeling of total exhaustion, 1 is a silent barrier that can magnify an existing physical impairment, such as spinal cord injury (SCI), and further reduce participation in work, leisure, social activities and reduce quality of life. 1 Studies of individuals with SCI [2] [3] [4] have identified fatigue as a problem and recently, we reported that the prevalence of fatigue severe enough to interfere with function was 57% in a sample of outpatients with SCI. 5 Rehabilitation practitioners are limited in their ability to address fatigue because there is insufficient research on the diagnosis and treatment of fatigue in SCI and therefore, evidence-based approaches are lacking. Variables such as completeness of injury, spasticity, pain and number of medications have been identified as potential contributors to fatigue in SCI. 5 However, only the completeness of the injury has been found to be important in multivariable analyses. 5 Medications have not been shown to be important in these analyses, which is interesting to us, as fatigue is listed as a side effect for many medications. Moreover, many individuals with SCI are often on several medications that may contribute to fatigue. 5 There is limited research on the influence of medications on fatigue in SCI and most literature simply reports the number of medications 5, 6 or a select list of known fatiguecausing medications. 5 This is a relatively crude and limited approach to measuring the impact of this potentially important variable. 5 An earlier study on patients with multiple sclerosis showed that medications had an impact on measurements of fatigue; 6 therefore, we hypothesize similar findings in individuals with SCI who take fatiguecausing medications. The purpose of this study was to investigate the relationship between the use of medications and the severity of fatigue in individuals with SCI. The specific objectives of the study were to (1) describe the number and type of fatiguecausing medications taken by individuals with SCI, (2) assess the relationship between the number and type of fatiguecausing medications and self-reported fatigue among individuals with SCI and (3) determine whether fatigue-causing medications were important in predicting fatigue in the presence of other factors in individuals with SCI.
Materials and methods

Sample
In this chart review, individuals with SCI who were admitted to the outpatient SCI program at GF Strong Rehabilitation Centre (a tertiary spinal cord rehabilitation facility) between 1 December 2004 and 31 May 2007 (n ¼ 215) were included. Individuals were excluded if there was incomplete information about fatigue severity (n ¼ 11), missing admission information (n ¼ 5) or a diagnosis other than traumatic SCI (for example spina bifida (n ¼ 63)). The final sample consisted of 136 individuals (63% of the accessible outpatients).
Protocol
All data were abstracted from medical charts using a form we created and used in an earlier study 5 to record the variables of interest. If the variables were not available in a subject's chart, the data were considered missing and the individual was excluded. Data were abstracted by three individuals who were training to become health professionals. Double abstraction for recruited subjects was conducted until consistent abstraction was completed (n ¼ 10). All applicable governmental and institutional regulations concerning the ethical use of human subjects were followed during the course of this research.
Measurement
Variables collected included general demographic information (age, gender, marital status and employment status), medical history and injury-related information (completeness of lesion, ASIA impairment scale and level, mechanism and duration of injury). The reason for referral was based on the primary need articulated at admission and classified either as medical, equipment, social or functional (for example assistance for activities of daily living) and recorded as a binary (yes/no) response. The presence of pain and spasticity were also recorded as yes/no. Information about living arrangements, attendant care and current mobility aid use was recorded. The names and dosages of all medications taken at the time the fatigue information was collected were recorded. Clinically relevant variables (pain, spasticity, medications, fatigue severity and so on) were systematically collected on acceptance into the SCI outpatient program. Each outpatient received a package of forms that they completed and returned to the program before the first appointment.
Fatigue
Information on fatigue severity was captured using the Fatigue Severity Scale (FSS). This nine-item self-report scale is used widely to assess disabling fatigue in individuals with neurological disorders. It has been shown to be valid and reliable in SCI. 7 The FSS assesses the impact of fatigue and functional outcomes related to fatigue. 8 The FSS requires respondents to rate each item using a seven-point scale ranging from one (completely disagree) to seven (completely agree). A mean score of four or more has been used to indicate that an individual is experiencing significant fatigue. 1,7,9 Anton et al. 10 reported that the FSS is internally consistent (Cronbach a ¼ 0.89) and reliable on retesting (intraclass correlation coefficient ¼ 0.84); support for validity for a sample of individuals with motor complete SCI was demonstrated. 10 
Medication classification
To classify medications as fatigue causing or not, five physiatrists with SCI expertise categorized each drug identified in the chart review. Each physician was asked to independently indicate whether the medication never, seldom, often, or always caused clinically significant fatigue. They were instructed not to consult secondary sources of medication information. A master list was compiled from their responses and consensus was deemed present if four out of the five clinicians agreed that the medication was either non-fatigue causing (never or seldom), or fatigue causing (often or always). When consensus was not achieved, the group was brought together to discuss each drug. To confirm the results, each medication was compared with reports from the Compendium of Pharmaceuticals and Specialties for fatigue, somnolence, drowsiness, weakness, sedation or asthenia as an adverse effect. 11 The Compendium of Pharmaceuticals and Specialties is a collection of monographs written by pharmaceutical companies, published by the Canadian Pharmacists Association and consulted frequently by Canadian physicians. For medications with more than one potential clinical indication, the medication was grouped into a functional category according to its primary clinical indication in the treatment of subjects with SCI.
Analysis
The appropriate parametric and non-parametric statistics such as means, standard deviations and proportions were calculated to describe the participants' demographic, impair-ment, clinical and drug-related characteristics (objective 1). We report the fatigue level using the mean FSS and a cut FSS score of X4 to indicate 'severe fatigue'. 1, 7, 9 Pearson's correlation coefficients and t-tests were used to assess the bivariable relationship between fatigue and the number/type of fatigue-causing medications (objective 2). Correlation coefficients and t-tests were also used to identify other variables that would be statistically controlled when assessing the independent contribution of fatigue-causing medications in predicting fatigue (objective 3) using linear regression analyses. With one exception, all the variables that were found to be statistically associated with fatigue (correlation coefficient of r40.2) or statistically significant (Po0.05) mean fatigue group scores using a t-test or ANOVA were included in the final multiple linear regression model. The variable that was not included was use of fatigue-causing medications in favour of use of fatigue-causing analgesics, and use of fatigue-causing medications excluding those for pain. This prevented colinearity and better differentiated the medications variable. All binary variables entered into the regression model were coded No ¼ 0 and Yes ¼ 1. Analyses were conducted using SPSS version 15.
Results
Sample and injury characteristics
The mean age of the mostly male (77%) sample was 43.7 (s.d. ¼ 12.9) years ( Table 1 ). The mean duration of injury was 14.1 (s.d. ¼ 12.0) years and the mean age at injury was 29.7 (s.d. ¼ 13.4) years. The reasons for referral to the program (some subjects report multiple reasons) were primarily medical (n ¼ 74), functional (n ¼ 65) and either mobility (n ¼ 67) or activities of daily living (n ¼ 6) equipment related. A small number of subjects (n ¼ 6) were referred for social reasons.
Fatigue severity scale The mean FSS score was 4.2 (s.d. ¼ 1.7), with 52% of the sample scoring greater than the cut score of 4. The mean scores were the highest for the FSS items related to 'alteration in motivation' and 'interference with physical functioning'.
Fatigue-causing medications and FSS scores
From the total list of medications (n ¼ 147) that the subjects were taking, clinicians concluded that 41 medications clearly caused fatigue and 102 medications did not. No consensus was reached with four medications: flunarizine, trimebutine, citalopram and Chinese medicine. A total of six subjects took medications from the 'no consensus' category; however, because of the potential ambiguity in judging these medications, these data were excluded from analyses. Excluding these individuals from the rest of the analyses did not alter the overall results, so we left these subjects in the study but acknowledge that the 'no consensus' medications should be scrutinized for possible effect in larger studies.
The sample took a mean of 4 (s.d. ¼ 2.9) medications, 2 (s.d. ¼ 1.6) fatigue-causing medications and 2 (s.d. ¼ 2.3) non-fatigue-causing medications. The subjects were split into four groups based on the medications taken: no medications (n ¼ 13), only non-fatigue-causing medications (n ¼ 23), only fatigue-causing medications (n ¼ 31) and both non-fatigue and fatigue-causing medications (n ¼ 69). The order of mean FSS scores of the groups was (from highest to lowest) both non-fatigue and fatigue-causing medication group, fatigue only group, no medications group and nonfatigue only group. The fatigue-causing medications were further broken down into functional categories as shown in Table 2 . The greatest number of subjects was taking antispasticity medications (n ¼ 75) and analgesics (n ¼ 61). In the antispasticity category, 28 of the 75 subjects were taking greater than one antispasticity medication, whereas in the analgesic category, 27 of the 61 subjects were taking greater than one analgesic. Twenty-one subjects were taking one antidepressant, six were taking one antipsychotic and three were taking one gastrointestinal medication.
Clinical variables and FSS scores
Variables that were statistically significant when examining fatigue at the bivariable level included presence of pain, presence of spasticity, use of mobility aids, use of fatiguecausing medications, use of fatigue-causing analgesics and use of fatigue-causing medications excluding those for pain. The final regression model accounted for 19% of the variance in the FSS scores was explained by the variables Table 3 . The presence of pain (7.6%) and the use of fatigue-causing analgesics (4.2%) explained the most variance in the FSS scores.
Discussion
The majority of our sample had clinically significant fatigue based on their FSS scores, further supporting findings in the literature. [2] [3] [4] [5] Our sample of individuals with SCI living in the community took an average of four prescribed medications, often including medications that contribute to fatigue. In fact, the majority used fatigue-causing medications, most commonly analgesics and/or antispasticity medications; however, only the number of analgesics remained statistically significant after controlling for other important variables. Our second objective was to describe the relationship between medications known to cause fatigue and the FSS. Fatigue seen in individuals with SCI may be a side effect of prescribed medication; 12 thus, it is important to look at medications to try to determine their contribution to fatigue in this population. Comparing the four groups of subjects, the group taking both the non-fatigue and fatigue-causing medications had the highest mean FSS score, followed by the group taking fatigue drugs only. It was also found that the no medication group had slightly higher FSS scores than the non-fatigue-causing medications group. These findings support our hypothesis that subjects taking fatiguing medications would have higher fatigue levels. The group taking both non-fatigue and fatigue causing may have had the highest FSS scores because there may have been unrecognized medication interactions or poorly controlled symptoms contributing to fatigue. It is possible that the group taking non-fatigue-causing medications have symptoms that are well controlled with their medications so they feel less fatigued. Although these findings do not establish a causal relationship between medication use and fatigue, the data indicate that clinicians need to be aware that fatigue in their patients is greater if they are taking fatigue-causing medications.
Although fatigue-causing analgesics remained statistically significant in the presence of other confounding factors in predicting fatigue with the FSS, the 'other' fatigue-causing medications did not contribute to the explained variance in the regression model. This finding is puzzling to us and could be explained by the fact that some fatigue-causing medications may also have positive effects on medical factors that contribute to fatigue, reducing clinical fatigue overall. For example, perhaps some fatigue-causing medications such as sedatives, antidepressants and antispasticity medications have a positive effect on the individual thereby reducing fatigue. Alternatively, this effect may be a statistical artifact because of the small number of individuals taking these 'other' fatigue-causing medications (lack of power) or because of the number of subjects taking analgesics.
There is no known literature investigating the relationship between medication use and fatigue in individuals with SCI and very few studies examining this relationship in other disabled populations. In one study, Oken et al. 6 suggest that central nervous system (CNS)-active medications had a statistically significant influence on the general fatigue levels of individuals with multiple sclerosis. In our study, we classified medications as fatigue causing versus non-fatigue causing. Although most CNS-active medications are likely to cause fatigue, there are non-CNS-active SCI medications such as dantrolene that could also cause fatigue.
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By classifying our medications as fatigue causing versus non-fatigue causing, we ensured that we did not miss any potentially non-CNS-active fatigue-causing medications.
There are a number of limitations to our study. Most subjects tended to record only prescription medications on the outpatient questionnaire. We were not able to capture all over-the-counter medications that subjects may have been taking, including herbal remedies, analgesics, energy-inducing medications or caffeine intake (for example drinks or supplements containing caffeine). Moreover, we did not capture other illicit drugs such as marijuana, which may contribute to fatigue, and as outlined earlier, we were unable to obtain consensus regarding the fatigue status of four medications noted in this study. The dosages of medications were not considered as it was difficult to get the correct dosages from the outpatient questionnaires or the subject's chart because of changing dosages. Information regarding the medications was collected through subject self-report, which can be prone to recall bias. In addition, other comorbid medical conditions and complications that may additionally contribute to fatigue, such as sleep disorders, hypothyroidism, depression or medication interactions, may confound the association between medication use and FSS. Finally, we can only generalize our findings to individuals with SCI who are seeking outpatient services; therefore, they might be slightly different from the population as a whole.
Clinicians need to be aware of the fatigue level of individuals with SCI, as it may amplify the negative effects of SCI-related impairments on their physical, cognitive and emotional function and quality of life. 3, 13, 14 Routine screening for fatigue using a detailed history and a simple tool such as the FSS can help clinicians determine the presence and severity of fatigue.
Conclusion
Clinically significant fatigue, as determined by the FSS, is prevalent in our sample. Individuals with SCI have multiple impairments that may limit activities and restrict participation. Many medications used in the management of SCI may contribute to fatigue. Although we were not able to establish a causal relationship, it is evident that individuals with SCI who are taking fatigue-causing medications had higher FSS scores. Of the fatigue-causing medications, the majority of patients were taking analgesics and antispasticity medications. These findings may guide clinicians regarding treatment decisions including the consideration of fatigue as a side effect when prescribing medications.
